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Resum 
El treball present tracta sobre el disseny i càlcul d’un manipulador, arrel de la necessitat de l’empresa 
SEAT Martorell per aquest tipus de màquina. SEAT, a partir de la necessitat d’actualitzar un 
manipulador obsolet, demana a l’empresa TINTORÉ S.A.U (on actualment hi treballo) la realització d’un 
manipulador que compleixi amb els estàndards actuals d’una fàbrica moderna. Aquest manipulador 
serveix d’ajuda a l’operari en el muntatge de les rodes al vehicle d’una manera fàcil, ràpida i eficient. 
 A partir de aquest moment comença la meva tasca: fer diverses propostes de disseny CAD que passen 
per un procés de validació, fins que es desenvolupa un disseny final que compleix totes les 
característiques sol·licitades pel client (tant tècniques com econòmiques). El disseny es realitza a partir 
del programa CATIA V5 R24 de Dassault Systemes. 
Un cop fet el disseny, es fan els plànols necessaris per a poder construir el manipulador i provar-lo 
abans del muntatge final a la fàbrica de SEAT. 
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Resumen 
 
El trabajo presente trata sobre el diseño y cálculo de un manipulador, raíz de la necesidad de la 
empresa SEAT Martorell para este tipo de máquina. SEAT, a partir de la necesidad de actualizar un 
manipulador obsoleto, pide a la empresa TINTORÉ S.A.U (donde actualmente trabajo) la realización de 
un manipulador que cumpla con los estándares actuales de una fábrica moderna. Este manipulador 
sirve de ayuda al operario en el montaje de las ruedas en el vehículo de una manera fácil, rápida y 
eficiente. 
 A partir de este momento comienza mi tarea: hacer varias propuestas de diseño CAD que pasan por 
un proceso de validación, hasta que se desarrolla un diseño final que cumpla todas las características 
solicitadas por el cliente (tanto técnicas como económicas). El diseño se realiza a partir del programa 
CATIA V5 R24 de Dassault Systemes. 
Una vez hecho el diseño, se hacen los planos necesarios para poder construir el manipulador y probarlo 
antes del montaje final en la fábrica de SEAT. 
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Abstract 
This work will attempt to explain the design and calculation of a wheels assembly manipulator as a 
result of the SEAT Martorell enterprise’s necessity. SEAT, due to the urgency of updating an obsolete 
manipulator, asks TINTORÉ S.A.U enterprise (where I am actually working) to carry out a manipulator, 
which fulfills the nowadays-modern factory standards. This manipulator helps the operator with the 
car wheels assembly in an easy, fast and efficient way. 
Henceforth, my task begins: to propose several CAD designs that go through a validation process until 
a final design that meets all the client’s demands (technical and economic) is developed. The design is 
made with Dassault Systemes’ CATIA V5 R24 program. 
Once the design is finished, the necessary plans are made in order to build the manipulator and test it 
before it is final assembly in the SEAT enterprise. 
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1. PREFACE 
1.1. Origin of the work 
This project starts when SEAT Martorell has the necessity of updating an obsolete wheels assembly 
manipulator, that doesn’t fulfill the nowadays-modern factory standards or the security control. 
This manipulator will help the operator place the car wheels in the car during the assembly. 
Although the obsolete manipulator designed by an enterprise in competition with TINTORÉ 
operated properly, it was 100% mechanical and had neither sensors nor an electronic system of 
control. Due to this last condition, its working and output couldn’t be controlled, apart from the 
fact that it was not properly safe according to the security control. 
In addition to this, the obsolete manipulator couldn’t adapt to the new manufacture requirements 
because through the nowadays assembly line go past two different car models with diverse 
features.  
Finally, and thanks to a more autonomous manipulator, one operator’s work place is saved. 
Due to all these reasons, SEAT asks TINTORÉ for a new wheels assembly manipulator. 
1.2. Motivation 
SEAT has at his disposal a production control system, that analyses which machines fail the most 
and cause the assembly line to stop, or which machines manufacture in a most damaged way. This 
means that SEAT can control the machine/operator/shift output. 
All this is possible thanks to the automation of the production machinery and, in fact, this is one of 
the main reasons that motivated SEAT to change the obsolete manipulator. 
The most important reason, though, is the fact that through the assembly line run two car models 
with different features and the obsolete manipulator was not able to assembly the wheels in both 
cars. Moreover, it was difficult for the operators to follow the assembly process with the obsolete 
manipulator, so an extra operator was needed (this place of work is saved due to the new 
manipulator). Last but not least, this new manipulator unlike the other one incorporates a security 
system. 
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1.3. Prerequisites 
SEAT provides TINTORÉ a schedule of conditions (appendix). Some of the most important conditions 
are:  
To respect the delimited layout area, because this manipulator is placed in a restricted work area 
and has to coexist with two other machines (a loading wheel machine and a screwdriver 
manipulator). When the wheels assembly manipulator picks up the wheel, it has to remain attached 
to the loading wheel machine with a coupler; thus the loading wheel machine can carry the wheel 
without falling out of the manipulator. 
The longitudinal guides have to adapt to the pre-existing SEAT structure and the transverse guides 
can not crash into the vehicles conveyors. 
The new guide structure can not block the line assembly lights, it has to be always secure and can 
not endanger an operator or vehicle. 
The wheels assembly manipulator has to allow the operators to follow the assembly line velocity. 
To respect the delivery cut-off date, otherwise it is economically penalized. 
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2. INTRODUCTION 
 
2.1. Aim of the work 
This work attempts to explain the process of manufacturing a personalized machine, in this case a 
wheels assembly manipulator, from the beginning where there is a necessity, until the construction of 
the machine itself. More specifically I will focus on the designing process, on how a work offer is 
evaluated and how an idea is developed until a final and functional design is made. 
It will be explained why do I choose a concrete design and not another along with its calculations, as 
well as all the design’s plans, whereby the manipulator has been built, will be shown.  
So, the main objective of this work is that a wheels assembly manipulator could be finally built, that it 
could be functional, that carries all the conditions from the SEAT schedule of conditions and that its 
cost could be moderate and gives profits. 
 
2.2. Scope of the work 
The scope of this work depicts the manipulator’s design process from the need of manufacturing a new 
one, analyzing its precedents (if they exist), the ways of respecting the client’s schedule of conditions 
and to fulfill the nowadays regulations. In particular, I will rely on the manipulator’s mechanical design, 
and, if needed on its electric and pneumatic designs. 
I will describe the design/fabrication process from the beginning, creating a planning and several 
proposals which fulfill the required needs until a solution, that makes the fabrication and operation of 
the manipulator possible, is found. All these statements are possible thanks to an easy and functional 
design that allows the manipulator’s manufacture (with reasonable economic costs and, especially, 
that allows the maximum safety). 
 
In order to accomplish the previous aims, the design has to adapt to the previous calculations, which 
focus on calculate the machine’s critical areas and properly sizing them. Furthermore, calculations will 
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be made in order to choose the suitable commercial elements for each necessity (mechanical or 
pneumatic). 
With regard to the electric design, I will only focus on choosing and adapting to the mechanical design 
the elements that directly interact with the machine (electric engines, detectors, buttons, etc.); unlike 
the electric design itself (like the electric box, etc.), which will be carried by another enterprise. 
At the end of this project its economically viability will be shown, it will be shown how the manipulator 
works and also how a project can change from the beginning until the final design. 
As mentioned before, in order to accomplish with all these aims, the first step is to create a planning 
to reach the cut-off date. In this case, I used a Gantt diagram as shown in the following page: 
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3. MANIPULATOR’S WORKING 
The instalation of the wheels into the vehicle is divided into two parts: the assembly part and the 
screwing part, and into three machines: a loading wheels machine and two manipulators, a wheels 
assembly manipulator and a wheels screwing manipulator. Although I will focus on the assembly 
process, I will also outline the screwing process in order to understand the totality of the instalation: 
- Wheels assembly process: the manipulator picks up the wheel from the loading wheels 
machine and approaches it to the assembly area. Then, the operator picks up the 
manipulator and steers the wheel to the car and, thanks to the electric screwdriver, puts 
five fixing screws. Afterwards, he moves the manipulator away (avoiding a collision with 
the bodywork’s conveyor) until the manipulator returns itself to the picking area. 
- Wheels screwing process: the operator picks up the wheels screwing manipulator, pulls the 
trigger and through an assisted pneumatic moviment, the operator steers the manipulator 
to the wheel; the screwdirvers start turning and when the operator marries the screws, 
starts the wheels screwing process itself. Finally, the operator moves the wheels screwing 
manipulator away and the machine itself moves back in an autonomously way going to its 
rest position. The operator can see the manipulator’s result through a lights system. 
All moviments have to be soft, ergonomic and can not, in any case, pose a risk to the operator or 
the car. 
 
 In this image, a complete wheels assembly installation is shown: 
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3.1 Manipulator’s evolution 
In this section I will review all changes that took place during the manipulator’s evolution.  
3.1.1 Obsolete wheels assembly manipulator 
The obsolete manipulator is totally mechanical and after its initial assembly a pneumatic cylinder 
was incorporated and installed on the floor. The improvement aspects of this manipulator are the 
following: 
- The manipulator propels from the loading wheels machine through a pneumatic cylinder 
and remains in the cylinder scope’s position. A group of counterweights are always forcing 
the manipulator to go to the wheels picking area, therefore, when the operator picks up 
the manipulator is always obliged to overcome this strength. Furthermore, the 
manipulador stays at the wheel picking up position or at the car position because the  
overtake moviment to the car is achieved through a gas cylinder (like those installed in a 
car’s trunk). 
- The manipulator travels thanks to some rolling-element bearings installed on the floor 
through two guides. It is precisely the presence of this guides that cause a problem for the 
operator when crossed. Furthermore, the rolling-element bearings require a frequent 
maintenance and because of its difficult access, they suppose an added inconvenient when 
the production has to stop a long time due to its repair. 
- Yet, the biggest inconvenients are the fact that is not an autonomous automated machine 
where controls can be made and its production can be seen. Evenmore, this obsolete 
manipulator can not addapt tot all wheels’ types nor to the diferent cars’ heights. 
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In the following images, the obsolete manipulator can be seen: 
 
 
  
FIGURE 3.2: Obsolete manipulator picking up the wheel 
FIGURE 3.3: Detail: basket of the obsolete manipulator 
Wheels assembly manipulator   
  9 
3.1.2 Wheels assembly manipulator: 1st proposal 
 
Given the fact that the operators worked comfortably with the obsolete manipulator and they were 
already used to it, we decided to propose a manipulator’s design that worked similarly to the 
ancient one but automated. The main differences that involve the automation of the new 
manipulator are: the longitudinal movement that would be carried out by an electrical engine, and 
the rising and overtaking movements, that would be carried out by two pneumatic cylinders. 
The manipulator’s working, therefore, would be the following: once the wheel is collected from the 
loading wheels machine, the manipulator would have to displace automatically through the 
electrical engine until the assembly area. At this moment, the manipulator has to remain in a free 
position so the operator can move it; and to make this happen, the wheel’s weight has to be 
compensated through a pneumatic cylinder.  
Once the operator has put the screws in the wheel without screwing them, the manipualtor can be 
removed and the operator pushes a button that returns it to the wheel picking position. 
Finally, it is important to highlight that in any case the operator is allowed to raise a weight of more 
than 3 kg, and that all the movements of the manipulator will have to be soft and will not pose a 
risk to the operator.  
  
 
 
 
 
 
 
FIGURE 3.4: 1st  proposal  FIGURE 3.5: Detail: 1st proposal 
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After an analysis of this first proposal, it was decided to reject it because of the following reasons: 
- The system that detects the weights of the different types of wheels and achieve the 
compensation of the manipulator’s weight through a pneumatic cylinder, was very 
complex, therefore, to find a solution to the problem would cost a long time and money. 
- The presence of a guides system  that run through the assembly line, together with 
the presence of detectors and mobile chains (whereby the electrical cables and the 
pneumatic tubes of the manipulator would run) would hamper more the operator's move. 
- Given the fact that now the manipulator would have an electrical engine to do the 
longitudinal movement, would represent a major danger for the operator when placed in 
front of the manipulator in an automatic movement. It would need, therefore, a system 
that could detect the operator’s place. 
 
3.1.3 Wheels assembly manipulator: final proposal 
Once this system is rejected due the previously reasons, a final proposal that fulfils the initial 
conditions and also solve the diverse problems is made. This proposal is explained in the following 
chapter. 
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3.2 Wheels assembly manipulator: final proposal 
As a final proposal, a manipulator hung from the ceiling that runs through some 
guides and fulfils all the conditions described previously is proposed. More premises are, though, 
now described:  
- The wheels' diameters that have to sustain the manipulator's basket have to 
maesure  between Ø602mm and Ø668mm (the wheels seize tables can be seen in 
the appendix). 
- The wheels’ width have to measure between 180mm and 230mm (the wheels seize tables 
can be seen in the appendix). 
- The basket has to have a twisting system that allows the wheel to turn in order to find the 
best assembly position  without leaving any mark. 
- The wheel has to be held in the basket and not fall during its transportation and has to stay 
in a parallel position to the "Y" and "X" axis. 
- Near the operator there has to be a support for a box screws (dimensions of the standard 
box SEAT 400x300x280mm), and a support for a battery screwdriver. 
- The handles and push buttons have to be in a comfortable and ergonomic position. 
- The operator, in any case, will have to raise a weight of more than 3kg. 
- The manipulator has to be adjusted so it can work properly with the loading wheels 
machine without causing it important modifications. 
- The manipulator has to incorporate an emergency push button. 
- The manipulator has to have an engine’s brake in case of an emergency stop. 
- The manipulator has to have a system that sets it in a manual function so it can be moved 
by push buttons. 
- The manipulator has to have a system that prevents it from falling when it runs out of 
pressure.  
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As seen in the picture, there are two symmetric manipulators that assembly the four wheels in the 
car. Each one of them can move on three axis but can not rotate, and unlike its ancestor, these are 
programmable and can do almost all movements autonomously.  
3.2.1. Sequence of the installation 
1- ((FIGURE 3.13) Firstly, the manipulator is fixed to a trigger, (which is a part of the loading 
wheels machine), and collects a wheel. The manipulator is on the position of the Y” and 
“Z” axis determined by the detectors and forced to this position through the longitudinal 
and vertical pneumatic cylinders; in addition, the electrical engine keeps the manipulator 
on the corresponding "X" axis position. 
 
FIGURE 3.7: Detail: triggerl FIGURE 3.8: Detail: detector 
FIGURE 3.9: Detail: pneumatic cylinders  FIGURE 3.10: Detail: collection eletric engine 
FIGURE 3.6: Installation of both symmetric manipulators 
Wheels assembly manipulator   
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2- (FIGURE 3.14) The loading wheels machine detects that the manipulator is in to its loading 
position (detector 1, figure 3.12) and opens the wheel's gate; then the wheel falls and 
another detector detects that the wheel is in the manipulator and raises the gate allowing 
the free movement of the manipulator; finally the loading wheels 
machine opens the trigger that keeps the manipulator fixed. 
3- The manipulator compensates the weight of the wheel through a pneumatic compensator 
and goes out  in a slow speed from the loading wheels machine until it is detected by the 
second detector (detector 2, figure 3.12). Then it accelerates until reaching the operator’s 
working area (green zone, figure 3.12) and it reduces its speed (detector 3, figure 3.12). 
Finally the engine separates from the guides to remain free, so the operator will be able to 
move it freely (detector 4, figure 3.12).  
 
4- (FIGURE 3.15/3.16) Once the manipulator is free in the working area, the operator moves 
it using its handles and steers it to the assembling point. This action can be easily realised 
since the manipulator is weightless. Then, the operator raises or lowers the wheel until the 
corresponding height and enters the wheel into the car.  
5- (FIGURE 3.17/3.18) Once the wheel is in its corresponding point, the operator introduces 
the screws without tighten them thanks to an electrical battery screwdriver. The assembly 
line never stops, and due to its low velocity and the fact that the manipulator is free, it is 
forced to accompany the vehicle due to the wheels’ adjust strength. Finally, 
the operator moves the manipulator away and pushes the collecting-wheel button. 
6- Once the collecting-wheel button is pushed and in case that the operator is not in the 
collecting area -event detected by a scanner placed in front of the loading wheels machine-
, (pink zone, figure 3.12), the horizontal cylinder of the “Y” axis is placed in its collecting 
position and the cylinder on the “Z” axis forces the basket to be placed in its collecting 
position. At this moment, the electric engine, through the pneumatic cylinder taht clutch 
FIGURE 3.11: Detail: pneumatic compensator 
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the engine, contacts the guides and speeds the manipulator progressively up (detector 3, 
figure 3.12) until the wheel’s collecting area. 
7- (FIGURE 3.19) Once the manipulator reaches the collecting area, it reduces its 
speed (detector 2, figure 3.12) until reaching the last detector (detector 1, figure 3.12), 
where the engine stops and the loading wheels machine closes the trigger due to the 
manipulator’s detection. In the meantime, the operator thanks to another manipulator 
tights all the screws at a time with its corresponding torque. 
8- Finally -and at this very moment- the cycle begins again. Thanks to the fact that the 
assembly line doesn’t ever stop, the vehicle has advanced and the car’s position is now 
approximately at the rear wheels assembly position. 
 
 
 
 
 
 
FIGURE 3.12: Layout installation 
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Here a sequence of the previous working process can be seen:  
 
FIGURE 3.13 
 
FIGURE 3.14 
 
FIGURE 3.15 
 
FIGURE 3.16 
 
 
FIGURE 3.17 
 
FIGURE 3.18 
 
FIGURE 3.19 
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3.2.2. Incidences 
If at some point of the cycle, the manipulator works autonomously and an operator enters in the 
scanned area, the manipulator stops and so does the assembly line.  
The cylinders’ movements, the manipulator’s overtaking and the engine’s speed changes are 
determined by some mechanical detectors installed in the guides. 
If the operator wants it or has the need, it exists the possibility to activate the 
manipulator’s automatisms (cylinders and electrical engine) through the controls, activating 
therefore, the manual function. 
3.2.3. Final design 
Nowadays, there are different types of manipulators, and, the one I designed has a very common 
design because it is hung from the ceiling allowing the floor to be free. Besides, it also involves a 
better manoeuvrability in the factory and it is more difficult to waste the product. 
The manipulator’s design has to be weightless, because, as mentioned before and so it is said in the 
SEAT schedule of conditions, an operator is not allowed to raise a weight of more than 3kg. It is 
complicated to design a weightless manipulator that raises great weights; because that means, that 
the manipulator has to be robust, safe and lightweight (if not, a very powerful compensator must 
be installed). If the compensator had big dimensions, it would involve an elevated economic cost 
and the manipulator would be much bigger. 
The final design is divided into 3 groups and each one of them can move independently of the other 
ones. The following image of this design can be seen below and a more detailed explanation is made 
afterwards: 
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Group 1 and group 2  
The groups 1 and 2 are the most important parts of the manipulator. The most important 
characteristics of these groups are the following: 
- Weightless system: in order to achieve a weightless manipulator, I innovated and installed 
a type of commercial element that had never been previously used in our company, neither 
in the SEAT assembly lines. This element is a pneumatic compensator of the 
brand KONECRANES (FIGURE 3.11). Basically it is a spring compensator but it 
can compensate itself the weight that is applied to it thanks to a pneumatic mechanism. 
This commercial element has a very overhead price that correlates to the size of the compensator. 
As a consequence, the weight of the manipulator’s mobile part on the “Z” axis has to be the lowest 
possible. 
- Mobile part (“Z” axis): this the lightest part of the manipulator and the most important one, 
because it sustains the wheel and also the operator has contact with it. In order to facilitate 
the work, I have used the same ergonomics as the ancient manipulator in the part where 
the operator works (group 2). The reasons are that I know well its working and 
FIGURE 3.20: Groups 1,2 and 3 of the final design 
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the operator works already comfortably. This also saves me from doing a lot of tests in 
order to check if the wheel remains well attached to the manipulator. 
 
This mobile part has been mostly made of aluminium with the maximum number of lightened parts. 
The areas that contact with the rim have been protected using nylon and rubber and finally, some 
rollers have been introduced in order to turn the wheel and align the screws. 
- Mobile part on the “Z” axis: it is not only composed of the group 2, the mobile part of the 
group 1 is made of steel in order to give the maximum robustness, to be easier to fabricate 
and to be more economic. 
- Fixed part on the “Z” axis: this is the part that sustains the pneumatic compensator and is 
therefore, the whole mobile part on the “Z” axis. It is made of steel, since robustness is 
needed and weight has been lowered using lightened parts (this, though, is not a 
requirement as important as in the mobile group). This part of the manipulator also 
sustains the cylinder that moves on the “Z” axis. that forces all the manipulator to go up to 
reach the collecting wheel’s height. This fixed part on the “Z” axis is, at the same time, the 
mobile part on the “Y” axis; this movement is possible thanks to a cylinder, which is 
longitudinally installed between the guides. 
- In order to perform all these movements, some energy chain have been installed. To select 
the suitable energy chain, the electrical and pneumatic designers decide how many cables 
and tubes have to run through, and which is their radius of curvature. Finally, a chain that 
fulfils all these characteristics and has the adequate length in order to do all these 
movements has been selected. 
- In order to perform the longitudinal movement (“X” axis), an electric engine of the brand 
SEW (FIGURE 4.10) has been installed. One of the requirements is that the operator 
can work freely with the manipulator once it has reached the assembly zone, therefore I 
have installed a high-tensile cylinder that engage and declutches the engine.  
 
FIGURE 3.21: Group 2 with the wheel 
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Group 3 
This group constitutes basically the structure that sustains all the manipulator and the longitudinal 
guides (“X” axis). In order to design this part I was very conditioned by the already existent structure 
of SEAT, therefore, the only thing I did in this design, was to put the guides and adapt them to the 
mobile parts and join them with the factory’s structure. 
 
 
 
 
 
 
 
FIGURE 3.22: Groups 1 and 2 
GROUP  2 
GROUP 1 
MOBIL E “Z” 
AXIS 
GROUP 1 
MOBILE “Y” 
AXIS 
GROUP 1 
MOBILE “X” 
AXIS 
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3.2.4. Modifications of the final version 
An outstanding modification would be the design’s change in the piece that joins the axis 
of the pneumatic compensator with the body of the basket that brings the wheel (group 2). In 
addition to modifying its shape, some yellow and black cushioned foam have been added. This 
modification is due to the very high possibility of crash between this element and the operator. 
 
3.2.5. Security systems 
As I mentioned before, the new manipulator’s design has to have several security systems that did 
not exist previosuly:  
- All the pneumatic elements have non-return valves in case the machine looses all air. If this 
happens, the manipulator would now remain in the same position and would not fall 
suddenly, crashing into the operator or causing the wheel to fall (that it would, at the same 
time, crash into the operator/vehicle). 
- If the current suddenty stops or in case of pushing the emergency push button, the 
electrical engine remains braked, avoiding, therefore, movements that could put in danger 
the health of the operator. In situation of emergency there is a push button situated in a 
zone of easy access for the operari that are working at the manipulator, as well as one on 
the same line of production that can be pushed for a second operator. 
- A scanner detects if there is any person or object in the wheels-collecting zone, and in case 
to detect the presence pushes the stop of emergency. 
- In the case of that for any reason (intentional or not), the manipulator is directed to the 
end of the longitudinal lane through the electrical engine, there would be one last 
mechanical detector that would stop the manipulator. In addition, at the end of the lane 
there would be a buffer against which the manipulator would impact avoiding its fall to the 
floor. 
FIGURE 3.23: Subjection modification 
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4. COMERCIAL ELEMENTS JUSTIFICATION, CRITICAL POINTS AND 
SUPERFICIAL TREATMENTS 
4.1 Justification of the commercial elements 
All the commercial elements installed in the SEAT equipment, have to be of commercial brands that 
SEAT has authorised.  
Down below I present the different commercial elements highlighted in red colour and put together 
with the wheels assembly manipulator. Together with the description of each commercial element, 
I add the catalogue tables of each element in order to check all the data that I expose. 
 
 
- Pneumatic compensator KONECRANES ATB-225-1800B  
This element can raise a weight of 225kg with 7 BAR of air pressure and is 
the one that achieves the manipulator’s weightlessness, as well as to raise 
the weight of the basket, the wheel and the mobile part of the machine’s 
arm. All these elements’ weight 106,5kg; therefore, it fulfils the required 
condition.  
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE  4.1: Pneumatic 
compensator KONECRANES 
ATB-225-1800B 
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-  Pneumatic cylinder SMC CDQ2A63TF-200DCZ (Z axis)  
This cylinder is the one responsible of forcing the manipulator to go 
up to the wheel collecting position on the “Z” axis and, therefore, 
has to raise the same weight as the pneumatic compensator. As 
mentioned before, this weight is of 106,5 kg and this element with 
5Bar of air pressure can raise 159 Kg from the camera without rod. 
 
 
 
 
 
 
 
- Pneumatic cylinder SMC C96SDB63-950C (“Y” axis)  
This cylinder moves the manipulator on the “Y” axis direction; this movement is performed 
within a very low coefficient of friction because it is achieved thanks to a low friction 
cylinder and some guides whereby the manipulator moves. Following a materials 
unification criterion, and due to the non-exaggerated-elevation of prices, it has been 
chosen a cylinder with the same 
diameter as the one on the “Z” axis. 
This cylinder will work properly 
since it has to move a much lesser 
weight, and therefore, the pertinent 
calculation doesn’t have to be done.  
FIGURE 4.3: Pneumatic cylinder SMC C96SDB63-950C 
FIGURE 4.2: Pneumatic cylinder SMC 
CDQ2A63TF-200DCZ (Z axis) 
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- Pneumatic cylinder SMC MGPS50TF-25 (engine’s electric engage) 
This cylinder is the one that engages or declutches the 
electrical engine that causes the movement on the direction 
of the “X” axis. This is a guided cylinder of big resistance. This 
type of cylinder has been chosen because it has to bear the 
starts and brakes of the engine. According to the calculations 
it has to bear a strength of 135,45 N and the cylinder can do a 
strength of 1178N to 6 BAR. 
 
 
 
 
FIGURE 4.4: Pneumàtic cylinder SMC 
MGPS50TF-25 
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- Shock absorber ACE M-3325M  
This element absorbs the knock in case of collision of the 
manipulator with the loading wheels machine. According to the 
catalogue, this shock absorber can absorb until 1700kg (which is 
an enough elevated weight in order to avoid further calculations). 
 
 
 
 
 
 
FIGURE 4.5: Shock absorber 
Ace M-3325M 
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- IKO MHT45 roller guides  
This element allows the arm of the manipulator to elevate properly; 
as it can be seen in the catalogue, these roller guides can bear a much 
higher weight than the manipulator’s one. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 4.6: Roller guides  IKO MHT45 
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-  Wheels BLICKLE GTHN_125_20H7 
These commercial elements are the ones that drag the 
manipulator on the direction of the“X”axis with the strength of 
the electrical engine and the clutch pneumatic cylinder. As 
shown in the catalogue, this element bears a strength of 
3924 N and, as it has been previously mentioned, the cylinder 
can do a strength of 1178 N. In the design I have installed two 
wheels in parallel, therefore, the wheels can bear the effort 
properly. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 4.7: Wheels BLICKLE 
GTHN_125_20H7 
Wheels assembly manipulator   
  27 
 
- Electrical gearmotor SEW R17-DR6324-BR 
The electrical engine has to bear a torque of 
8,46Nm and the gearmotor can achieve a torque of 
85Nm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 4.8: Electrical gearmotor SEW 
R17-DR6324-BR 
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- IGUS energy chain 
The energy chain are required for the 
transportation of electrical cables and 
pneumatic tubes into pieces that are 
on the move. They are also useful to 
protect them because due to the 
movement the cables can be damaged 
(after bending, rubbing or coupling 
with other elements). 
 
 
The electric and pneumatic deparments are in charge of te chains selection. 
 
 
4.2 Critical points 
 
- Screws group 2 
 
These screws are the ones that keep the group 2 and 
the mobile arm of the manipulator joined. According 
to the calculations, one M16 screw could already bear 
the weight of the basket with the wheel, but for 
security and aesthetic and due to the fact that the cost 
of one screw is insignificant, I decided to put 8 screws.  
 
 
 
 
 
 
 
 
 
 
FIGURE 4.9: IGUS energy chain 
FIGURE 4.10: Screws group 2 
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- Fixing point: arm of the manipulator/pneumatic compensator  
This axis bears the weight of the manipulator’s arm and the wheel. 
After one year this element carries out 484.000 cycles, but in line 
with the fatigue calculations, this F-125 Bonificat axis can carry 
out 1,59*1064 cycles; therefore we can consider that it has an 
infinite life. 
 
 
 
 
 
 
 
 
 
 
 
- Frame’s fixation shear strength  
The subjection of the frame with the mobile guides is 
possible thanks to some rivets that are already assembled 
with the guides of the structure and some F-111 steel 
fixation welded on the frame. These 4 fixations have to bear 
the weight of all the manipulator, that is of 106,4 kg and, 
according to the calculations, these can bear until 2907,8 
kg.   
 
 
 
 
- Structure (Group 3) 
The group 3 is the structure that carries all the manipulator. In order to confirm if the 
structure will bear, I have calculated several reactions in different manipulator’s positions 
of work (using the program CYPE metal 3D). The most unfavourable position is the one 
where the manipulator places 
the wheel into the car. In this 
position the biggest reaction is 
of 30kg on the “Z” axis. My 
structure has fixing points 
each meter and, as we can see 
in the catalogue, this structure 
goes beyond the 
manufacturer’s requirements. 
 
FIGURE 4.11: Fixing point: arm of 
the manipulator/pneumatic 
compensator 
FIGURE 4.12: Frame’s fixation shear strenght 
FIGURE 4.13: Structure (Group 3) 
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4.3 Material justification and surface finish 
 
Materials 
 
- Group 2: this group has to be as light as possible because it has to be weightless (if its 
weight was big it had been necessary to install a compensator and very big cylinders). 
Therefore, the basket is made of aluminium AL-5083 (this aluminium has some good 
characteristics in order to be welded and it is very common, light and resistant).  
- Axis compensator: as mentioned before, this axis is made of F125 Bonificat, has good 
mechanical characteristics and is resistant against wear and friction. It doesn’t have, 
though, any good characteristics in order to be welded (that is why is assembled with 
screws). 
- Elements in contact with the wheel: all these elements have to be manufactured with 
materials that do not cause any damage to the product. The rolling-element bearings of 
the brand Misumi, that allow the rolling of the wheel, have a rubber covering; and the 
friction parts (Figure 4.14) whereby the wheel of the vehicle contacts are made of nylon P-
500 (a type that doesn’t leave any mark). 
- Rest of the elements: they are made of steel F-
111 and have good mechanical characteristics. 
They are easy to mechanise and to weld. In big 
pieces, windows have been milled in order to 
lower its weight. 
 
 
 
 
 
FIGURE 4.14: Friction parts 
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Treatments 
- Anodizing: all the aluminium pieces have to go under an anodizing treatment that not only 
will provide them a better appearance (the pieces remain cleaner and brighter) but that 
will also protect them from the corrosion. 
- Painting: the pieces of big dimensions made of F-111 have to be painted of orange SEAT 
RAL-2001 (requirement of SEAT; all the manipulators have to have this colour). The pieces 
are also painted with anti-oxidant to provide a good physical aspect and, at the same time, 
to protect them from corrosion.  
- Electroplating: the pieces of small dimensions made of F-111 are manufactured under an 
electroplating treatment. This treatment made of zinc protects them from corrosion and 
provides a good visual aspect. These pieces will have the silver colour of the anodizing 
treatment. 
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5 .  ANALYSIS OF THE ENVIRONMENTAL IMPACT 
In the environmental impact analysis of the manipulator is important to remark that it is installed 
in a factory that is not open to the outside. In addition, this manipulator doesn’t have a lot of wear 
pieces, doesn’t consume neither burns many quantities of oils and neither is very noisy. For these 
reasons, I will focus on the environmental impact caused by the own systems of manufacture of the 
manipulator. 
The manufacture operations of this manipulator can be divided in four categories: 
- Machining operations  
- Non-machining operations (welding)  
- Paints 
5.1 Machining operations  
In the operations previously described vapors, thermal radiation and noise are originated, as well 
as various waste and wastewater, which constitute a risk to the environment and people, especially 
in closed environments. 
- Environmental impacts and protective measures 
- During the process of transformation of the metal, a product in formation goes through 
multiple stages of production. The environmental impact of these operations affect the 
environment at the place of work, and thus also the people who work there. It also has an 
effect on the environment through the air, water and soil. 
- Due to its proximity to the place of origin and issuance, the staff is the most exposed to the 
risks of production. In the highly industrialized countries, this means that there are many 
regulations for labor protection. Taking as an example the manufacturing procedures most 
important and with a most environmental relevance, are listed below. 
- Potential risks of the elaboration processes 
During the transformation of the metal a wide range of oils and oily products are used. These 
include cutting oils and substances for lubrication and cooling of tools. To remove the generated 
heat, oils are used (by spray or spill). The spraying of tools that are in movement causes vapor drops, 
called aerosols. 
Nowadays, more than 300 substances for the lubrication cooling products are used.  
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The most usual ones are:  
Substances’ group Use Example 
Mineral oil Lubrication Hydrocarbons with different 
boiling points: fatty oils, 
esters. 
Anti-corrosion additives  To prevent the oxidation of 
metal surfaces 
Alkanolamines, sulphates, 
organic compounds of boron, 
sodium nitrite. 
 
Consistent fats To improve the lubrication Graphite, ammonium 
molybdenum, molybdenum 
sulphide  
 
Emulsifiers To mix oil with water  Tensoactive substances, 
sulphanates 
 
With the habitual use of cooling lubricants, a high increase of certain diseases is recorded. It has 
been scientifically proved that skin and respiratory diseases as well as cancer can be originated 
If it is not possible to do without the cooling lubricants, the fog has to be inhaled as close as possible 
to the point where it originates, or to enclose the emission source. Also, personal security measures 
should be strictly applied; for example, the use of protective suits and special protection products 
for the skin. Companies should establish plans for the protection of the skin. 
Due to their organic nature, cooling lubricants products can be converted in a suitable medium for 
the growth of bacteria, which may have serious health consequences. It is usual to add bactericidal 
additives to the products. In this context, the timely renewal of the lubricants avoids the need to 
add high doses of bactericidal additives, which on the one hand are also harmful to health, and in 
the other hand increases the amount of waste to eliminate. 
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5.2 Non-machining operations (welding) 
During the welding of light metal structures, metallic elements with different widths are being 
joined using oxyacetylene welding facilities, electric arc with covered electrodes and semi-
automatic MIG and MAG welding, as well as metal cutting jobs using facilities of automated and 
manual use of oxyfuel and plasma-arc. 
The waste it generates is the following: 
- Comparable to urban waste: remains of food, paper and cardboard, cans, glass bottles, 
plastics, other containers, rags and clothing. 
- Inert Industrial waste: remains of metals such as steel, aluminum and brass. Remains of 
metal tubes of mild steel, copper and bronze. Remains of mild steel rods, brass. Remains 
of electrodes. Metal chips. Old tools. Crystals of goggles and protective screens. 
- Hazardous waste: particles and metal powders, filters of extraction hoods, aerosols, 
fluorescent lamps, bateries. 
- Emissions to the atmosphere: metal fumes, NOx, CO and CO2, O3. Gases (acrolein, 
phosgene, fluorides). Exhaust gases (acetylene, argon, CO2). Noise. 
Effects on the environment in the development of the activity contributes to different 
environmental problems, in the form indicated below: 
The depletion of resources is due to: 
- Using electricity from the central of coal combustion or natural gas. 
- Not making a good use of the materials. 
- Not reusing the remains of plates and tubes. 
- The contamination of the atmosphere is due to: 
- The fumes and gases released during the welding procedure. 
- The escaping gases used in the process (acetylene, argon, CO2). 
- Ozone detached in the oxiacetylene cutting 
The depletion of the ozone layer is due to: 
- Use of sprays with carbonated Fluoro Chlorine (CFCS) 
- Use of CFC-based degreasers. 
- Using halon extinguishers. 
The water pollution is due to: 
- Metal particles of the fumes that reach the water. 
- Dirty waters of the cleanliness of the facilities. 
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The generated waste is due to: 
- Not changing the filters of the extraction systems as often as necessary to fulfill its function. 
- Not separating the different waste according to their requirements. 
- Purchasing products with an excessive packaging. 
Good practices in the use of resources 
Machinery, equipment and utensils: 
- To acquire equipment and machinery that have less negative effects for the environment 
(fume collection systems and effective ventilation, with low energy consumption, low 
smoke emission and noise, etc.). 
- To acquire fire extinguishers without halon (gases destroyers of the ozone layer). 
Materials: 
- To know the meaning of the "ecological" symbols or marks such as the ecolabels of 
AENOR Environment, European Union Ecolabel, Environmental Quality Guarantee 
Badge, Scandinavian Swan, Blue Angel, etc. 
- Choose, as far as possible, ecological materials and products with certifications that 
guarantee an adequate environmental management (materials extracted with the 
minimum negative impact, products made with minimal environmental effects, etc.). 
- Use, preferably, materials with harmful-free emissions, durable, breathable, resistant 
to temperature variations, easily repairable, obtained with renewable, recycled and 
recyclable materials. 
- Avoid aerosols with CFC and replace them with sprays, and plastic materials (for 
example protective screens) with polyvinyl chloride. 
Chemical products: 
- To know the symbols of danger and toxicity. 
- To check that the products are correctly labeled, with clear operating instructions. 
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5.3 Paints: valuation of the different paints families 
Mineral paints 
Environmental impact: according to a study for a manufacturer of mineral paints, the 
environmental impact (energy, emissions, waste) of the entire life cycle of silicate paints is 2 to 4 
times lower than one of synthetic paints. 
Durability: they are the most durable, especially the silicate paints, which can last more than 25 
years. Lime paints do not last as long in very rainy areas, especially if there is acid rain, and in the 
interior walls where there is friction. 
Toxicity: many of the ingredients they contain are corrosive, thus in contact with the skin it dries 
out. As they do not have any volatile component (except water) no toxic substance emanates while 
we paint or after painting; that is why they do not cause any problems for allergic or asthmatic 
people. On walls painted with these paints fungi, bacteria or insect larvae can not grow. That is why 
they are used to prevent the spread of epidemics. In case of fire they don’t burn and don’t give off 
any toxic gas. 
Natural paints 
Environmental impact: vegetable and animal raw materials are obtained from renewable 
resources. Industrial waste biodegrades quickly and some are compostable. Simple processes that 
do not require much energy consumption make the paints. Although they are biodegradable, they 
contain vegetable oils, which do not dissolve in water, so they can not be thrown down the drain. 
Durability: they integrate better than the synthetic ones. They are quite breathable. They are 
antistatic that is why the wall is less dirty than with a synthetic paint. 
Toxicity: only water, orange peel oil or other citrus fruits can be used as solvents. Emanations of 
citrus peel oil can cause allergies. Natural paints don’t use mineral pigments classified as dangerous. 
In contact with the skin don’t cause any problems. On the label there is usually the complete 
composition of the paint, which allows to see if it contains any ingredient to which we are allergic. 
Synthetic paints 
Environmental impact: the use of petroleum products is associated with a series of problems: wars, 
climate change, spills, run-out resource... Some industrial waste is classified as hazardous and is 
thrown in controlled deposits where it will remain for a lifetime. 
Durability: they contain very large molecules that do not integrate on the wall but form a film on 
top. That is why paint peels and cracks more easily on exterior walls. They are the least breathable 
paintings because the paint film clogs the pores. That is why it is easier for moss to grow. Although 
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some synthetic paints look "breathable", they are less breathable than other families. They 
generate static electricity. With the heat, the paints soften and the dust gets stuck, which is why 
you may need a repaint more quickly than using paint from another family. 
Toxicity: the most toxic solvents (toluene, chilean) are gradually replaced by less harmful ones such 
as some glycols. The glycols are not very volatile, so the paint doesn’t smell that bad but it takes 
longer to evaporate, thus we can breathe it for a while. We can also absorb solvents through the 
skin. They are harmful to aquatic ecosystems. Some synthetic pigments are classified as 
carcinogenic. The rest of the components of synthetic paints are mostly petroleum derivatives, 
volatile and with some degree of toxicity, especially preservatives. Some can cause allergies. 
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6. CONCLUSIONS 
According to the aims and scope of this work both mentioned at the very beginning, I can draw the 
following conclusions: 
The initial aims have been fulfilled and, in my opinion, I think that I have been able to explain well 
the designing process of a machine, in this case a wheels assembly manipulator. At the end, the 
manipulator has been manufactured and it is nowadays working, therefore the design is feasible. 
In my opinion the manipulator fulfils all SEAT requirements and also its working. Thanks to the fact 
that I did different manipulator’s proposals, I have been able to observe the advantages and 
inconvenients of these different designs. I am satisfied that I have innovated incorporating the 
pneumatic compensator (it is important to highlight that this type of compensator has never been 
used in a manufactured machine at TINTORÉ, and that there is not any record of its usage). I have 
noticed how difficult these manipulators are to adjust and, that for some applications they are very 
useful. Also, they have a much more reduced dimension than when a pneumatic cylinder is used as 
a compensator.  
With regard to the design of the manipulator, this has been conditioned by the pre-existing 
manipulator and also by the fact that it has to work together with other machines. I think that the 
wheels assembly manipulator and the screwing machine could be joined on a single machine, 
therefore the assembly and the screwing processes would be faster and the guides system of the 
screwing machine would be saved. 
Regarding the calculations, in the company, except in an exceptional situation, the majority of 
mechanical elements are oversized without knowing never until which level. Then, due to the 
calculations of this manipulator, I have seen the magnitude of our designs and I think that if I could 
have the opportunity to do those more often, more interesting designs could be made, reducing its 
weights, lowering its costs and also being safer.  
As a final challenge, I have done this project in English, and, probably, this is the greatest difficulty 
of the work. I have spent a lot of time improving my level of English, researching technical 
vocabulary and especially writing a final degree project in a foreign language.  
An aspect to point out of the work is that it would have liked to detail a bit more the section about 
the mechanical elements’ design, but I have not been able to do it, due to, as I said previously, the 
high amount of time invested in learning English and also due to the fact that I have been working 
at the company during all this time.  
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The career, as well as providing me with the knowledge of the different disciplines (mechanical or 
not), has taught me different ways of thinking when I analyze and face a problem, as well as to see 
how some disciplines are related with the others and which complexity they have. Therefore, the 
career has provided me a way to solve problems more analytical, letting at the end a more optimum 
result. 
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